Studies on the hepatic alpha 1-adrenergic receptor. Modulation of guanine nucleotide effects by calcium, temperature, and age.
The effects of guanine nucleotides on the hepatic alpha 1-adrenergic receptor were studied using norepinephrine (NE) displacement of [3H]prazosin binding to rat liver plasma membranes. Nonhydrolyzable GTP analogues caused large rightward shifts of norepinephrine displacement curves of [3H]prazosin binding in EGTA-treated membranes, but only small shifts in membranes prepared with Ca2+. The effect of a brief Ca2+ exposure on NE displacement curves was not reversed by adding excess EGTA prior to binding experiments. Analysis of the curves showed that the EGTA membranes had an increased number of high affinity agonist sites (Kd, 42 nM) and that guanyl-5'-yl imidodiphosphate (GppNHp) converted these to low affinity sites (Kd, 1039 nM). When binding was carried out at 2 degrees C, the norepinephrine displacement curves were shifted to the left, and GppNHp was without effect. Neither EGTA, Ca2+, nor 2 degrees C treatment altered [3H]prazosin binding per se. Attempts were made to differentiate the potency order of GTP analogues which alter glucagon receptor binding (presumably mediated by the stimulatory GTP-binding protein, Na, of the adenylate cyclase system) from the potency order of GTP analogues which alter alpha 1-receptor agonist binding (presumably mediated by a yet uncharacterized GTP-binding protein which some have speculated may be distinct from Ns). However, the potency series of GTP analogues to alter norepinephrine binding was GTP gamma S greater than GppNHp greater than or equal to GTP greater than or equal to GDP greater than or equal to GppCHp greater than GMP (where GTP gamma S represents guanosine 5'-O-(thiotriphosphate) and GppCHp represents guanyl-5'-yl (beta, gamma-methylene)diphosphonate) and was identical to that for inhibition of [125I]iodoglucagon binding. The ability of GppNHp to alter norepinephrine displacement of [3H]prazosin binding increased with the age of the rat from which membranes were prepared. This was due to the fact that juvenile rats (50-75 g) had few alpha 1-receptors in the high affinity state, whereas in old rats (430-490 g) more of the receptors were in this form. Age has previously been shown to increase alpha 1-adrenergic stimulation of cAMP in isolated hepatocytes (Morgan, N.G., Blackmore, P. F., and Exton, J. H. (1983) J. Biol. Chem. 258, 5103-5109) but did not affect the dose-response curves for norepinephrine-induced Ca2+ mobilization and phosphorylase activation in these cells. These data suggest that alpha 1-adrenergic receptors can become coupled to a guanine nucleotide-responsive moiety in hepatic plasma membranes and that this may be similar to Ns.(ABSTRACT TRUNCATED AT 400 WORDS)